Background In primary care, fee-for-services (FFS) tariffs are often based on political negotiation rather than costing systems. The potential for comprehensive measures of patient morbidity to explain variation in negotiated FFS expenditures has not previously been examined. Objectives To examine the relative explanatory power of morbidity measures and related general practice (GP) clinic characteristics in explaining variation in politically negotiated FFS expenditures. Methods We applied a multilevel approach to consider factors that explain FFS expenditures among patients and GP clinics. We used patient morbidity characteristics such as diagnostic markers, multimorbidity casemix adjustment based on resource utilisation bands (RUB) and related GP clinic characteristics for the year 2010. Our sample included 139,527 patients visiting GP clinics. Results Out of the individual expenditures, 31.6 % were explained by age, gender and RUB, and around 18 % were explained by RUB. Expenditures increased progressively with the degree of resource use (RUB0-RUB5). Adding more patient-specific morbidity measures increased the explanatory power to 44 %; 3.8-9.4 % of the variation in expenditures was related to the GP clinic in which the patient was treated. Conclusions Morbidity measures were significant patient-related FFS expenditure drivers. The association between FFS expenditure and morbidity burden appears to be at the same level as similar studies in the hospital sector, where fees are based on average costing. However, our results indicate that there may be room for improvement of the association between politically negotiated FFS expenditures and morbidity in primary care.
Introduction
As is the case in many western countries, Denmark is expected to face an increasing morbidity burden because of lifestyle changes, demographic development and increased life spans among the elderly population [1, 2] . In line with this development several countries-but so far not Denmark-have changed the resource allocation systems for sicknesses towards morbidity-based case mix adjustment systems [3] . One such system is the Johns Hopkins Adjusted Clinical Groups (ACG) system, which measures an individual's health status and health care needs [4, 5] . This system has demonstrated robustness in its ability to measure morbidity burdens in individuals and populations [3, 4] . For instance, studies based on the ACG classification have shown that an individual's health care expenditures are correlated with the patient's total morbidity burden instead of the particular disease a patient may have [6] [7] [8] . Thus, orienting resource allocation systems toward patients' overall health care needs appears to be a promising approach that could be used to make risk adjustment of primary care reimbursement systems [7] .
However, in contrast to a morbidity-based case mix adjustment, it may be claimed that unadjusted reimbursement systems based on FFS expenditures are associated with patient morbidity characteristics because of supplementary fees for additional services. Moreover, the FFS component of a mixed GP remuneration system such as Denmark's could be viewed as a way to reward GPs with complex patients, hence making the morbidity risk adjustment redundant [9] .
More evidence regarding the relationship between expenditures for FFS remuneration and patient morbidity characteristics is relevant when deciding whether to adopt a morbidity-based case mix system as part of the GP remuneration system [3] . Today, numerous county councils in Sweden have implemented a morbidity-based case mix system for resource allocation in primary care [3, 10, 11] . In Denmark, there is no explicit differentiation between per capita fees or FFS according to morbidity status. However, many Danish GPs have used the International Classification of Primary Care code (ICPC-2) for several years and the use is increasing [12, 13] . Simultaneously, the Danish Quality Unit of General Practice (DAK-E) has implemented the routine electronic collection of ICPC-2 diagnoses for episodes of care. These new and unique data offer an opportunity to examine the relationship between the way in which current expenditures for FFS remuneration are allocated and patient morbidity characteristics.
The aim of this study was to use resource utilisation bands (RUBs) based on the ACG case mix system and diagnostic markers to investigate how well patient-level measures of morbidity burden and related GP clinic characteristics explained patient-level variability in the FFS expenditures of patients receiving treatment in Danish GP clinics.
The structure of the article is as follows. First we give a brief introduction to the Danish primary care setting and the remuneration of GPs. Then we describe the methods and data used. Next, the results are presented and discussed, and a conclusion is given.
The Danish context and the remuneration of GPs
In Denmark, there are approximately 5.5 million inhabitants, 3,500 GPs and 2,200 GP clinics. Nearly all Danes (98 %) are listed with a specific GP, who is responsible for serving the patients on his/her list, which on average yields approximately 1,600 patients per GP [14] . GPs are selfemployed professionals who contract with the five regions that have the overall operational and planning responsibilities for the health care system [15] . In contrast to other countries, for instance, Sweden, where the majority of GP clinics are public, the organisation as independent businesses has implied that there is a lack of public data about the actual costs in Danish GP clinics [16] . GP services are financed by taxes and the five regions receive block grants from the central government for operational expenditures such as FFS expenditures. There are no user charges on GP services, with the exception of several special services such as particular vaccinations and certificates for drivers' licenses.
Denmark operates a mixed remuneration system in which GPs act as gate-keepers to the rest of the health care system [14, 15, 17] . The GPs are compensated by the regions through a combination of per capita fees (30 %) and FFS (70 %) [16] . FFS are applied to promote activity and productivity and to provide incentives for the GPs to treat patients themselves rather than to refer the patients to hospitals. Per capita fees should reduce the temptation for GPs to provide unnecessary treatments and should compensate GPs for services not remunerated by FFS. The idea is to strike an effective balance between per capita payment and FFS [14] . FFS fees for GPs are negotiated by the Danish Regions' Board for Wages and Tariffs and the Danish Organisation of General Practitioners (PLO) and used politically to create incentives for specific services. Risk adjusters such as age and gender are not used in defining fees or to differentiate the per capita component at clinic level. There are no fees for coding of diagnoses; the only incentive for GPs to code diagnoses is to promote better organisation and quality development in their own clinics [12, 13] . The mixed remuneration system is currently undergoing a restructuring process [14] . Among other considerations, the prevailing opinion is that the FFS component is too dominant.
Methods
A two-stage multilevel regression approach was used to explain per patient FFS expenditure [18] [19] [20] [21] . We postulated that FFS expenditure at the patient level was associated with demographics, patient morbidity measures and related GP clinic characteristics. Thus, we assessed whether the FFS system prompts the GPs to provide services according to morbidity burden. Our dependent variable was defined as the annual expenditures for the FFS remuneration of patient i. These annual patient-level FFS expenditures (FFSE i ) are the sum of GP services (s ik ) weighted by politically negotiated fees for each service (p k ). Hence, the dependent variable was indicated as follows:
where FFSE i is influenced by politically negotiated fees (p k ), but not directly linked to patients' morbidity burden [14] . This representation indicates that we are analysing patient expenditure based on underlying GP revenue economics rather than on the costs related to GP patients. Following Eq. 1, important economic incentives for GPs to provide more services include relatively higher fees or additional fees for supplementary services.
In the first stage of our analysis we applied a fixedeffects multilevel data model that recognises the stratification of patients within GP clinics. The model takes the following form:
where FFSE ij represents FFS expenditures for patient i listed with a GP clinic j. Patients were identified using the patient's personal identification number. x ij is a row vector of explanatory variables containing morbidity characteristics, the age and gender of patient i in GP clinic j, and u j is the GP clinic-specific effect referring to the conditional mean of the annual expenditures per individual treated by GP clinic j. This GP fixed effect captures the relative average of a GP clinic's FFS expenditures after allowing for differences in patient characteristics [21] . v ij is the normal residual, which was assumed to be normally distributed with a zero mean and a constant variance. Our analytical approach is based on the underlying assumption that GP clinics share the same behavioural expenditure function. In contrast to previous studies on hospital departments using similar approaches [18, 21] , we believe that Danish GP clinics are more homogeneous; hence, the assumption is less restrictive. Simplified morbidity categories based on ACGs, known as resource utilisation bands (RUB), were used to measure the patients' illness burdens [5, 11, 22] . Moreover, the ACG system software was used to assign a six-level morbiditybased RUB measure as follows: 0, non-users; 1, healthy users; 2, low morbidity; 3, moderate; 4, high, 5: very high [22] . The six RUBs are formed by combining the ACGs in mutually exclusive cells that measure the overall morbidity burden. The ACG system appears to be particularly useful for ambulatory care, where physicians offer comprehensive and continuous care to a defined list of patients [23] .
To explore the sensitivity of results to different diagnostic characteristics, we specified six first-stage multilevel models (1A-6A) with different combinations of five subsets of covariates: the age and sex of the patient, the groupings of ACGs (version 9.0) into RUBs, two sets of diagnostic markers based on the International Classification of Primary Care (ICPC-2), and the number of visits and number of diagnoses of the patient [24] . One set of diagnostic markers was based on 17 types of body systems/ problem areas (i.e., symptoms and/or conditions) according to the ICPC-2 classification (see Table 1 ). Another set was based on the classification of ICPC-2 diagnoses into seven chapter components that were identical throughout all of the chapters (i.e., components that distinguish symptoms, diagnoses, work and care processes). The latter set of diagnostic markers was process codes, symptoms/complaints, infections, neoplasms, injuries, congenital anomalies and other diagnoses [25] . Process codes are nonsymptom-related reasons for encounters, such as child investigations, vaccinations and prophylactic health checks. The symptoms marker (#01-#29) contains reasons for encounters in chapters (A-Z), whereas the infections, neoplasms, injuries, congenital anomalies and other diagnostic (#70-#99) markers cover specific conditions. A set of demographic variables (age and gender) expected to influence expenditures is present in all of the models (1-6) in Eq. 2. To measure the prevalence of symptoms/conditions per patient in each ICPC-2 classification, and to measure the variation explained by the diversity of morbidity or multimorbidity rather than by volume, we excluded the volume of particular diagnoses from the two sets of diagnostic markers in Eq. 2 and analysed the range of different diagnoses per patient. This approach is in line with the RUB/ACG algorithm that is based on the range of illnesses rather than on the volume [3] [4] [5] . To address the excluded volume of diagnoses and visits, the number of diagnoses recorded per patient and the number of visits per patient were included in model 6. Overall, the decomposition approach where the volume was excluded (models 1-5) and re-included (model 6) allowed us to disentangle the variation into variation explained by diversity of morbidity and volume aspects, respectively. Likelihood ratio test statistics and Akaike's information criterion (AIC) were used to compare the fit of the five nested models and to choose a model for the second stage.
In the second stage, after controlling for patient characteristics, we regressed the estimated fixed effects û j (GP clinic average FFS expenditures) from Eq. 2 against a set of GP clinic characteristics to reveal the extent to which the GP-specific FFS expenditure variation was explained by observable GP clinic characteristics. Our equation takes the following form:
where z j is a vector of covariates describing the characteristics of each GP clinic j, and e j is assumed to be normally distributed with zero mean and constant variance. û j measures the estimated GP clinic-specific deviation for GP clinic j. We included the number of physicians per GP clinic based on the supposition that if there were revenue economies of scale [26] , then the annual expenditures per patient would increase as the size of the clinic in terms of number of physicians increased. We also controlled for the average physician age, the proportion of female physicians, the proportion of patient sex and patient age proportions, because FFS expenditure might be influenced by these clinic characteristics. For instance, there may be shifts in the volume of services provided by GPs of different ages [27] . Female physicians are expected to be more likely to have longer consultations, work fewer hours and manage different types of medical conditions [28, 29] , and the variability of GP clinic activity is believed to be associated with the patient sex proportion and age group proportions [30] . The patient age (proportion 19-67) was used as a reference group for the proportions of younger and older patients. Finally, we explored whether the GP clinic fixed effects were associated with the proportion of multimorbidity (RUBs) and proportions of specific diagnostic markers. For instance, management or detection of psychiatric problems may be associated with consultation length in GP clinics [31, 32] .
The standard errors in Eq. 2 were corrected for heteroscedasticity using White's procedure to ensure that statistical tests were valid. To ensure that our second-stage estimates were not contaminated by heteroscedasticity from the first-stage analysis, Eq. 3 was estimated using Efron robust standard errors [33] . All analyses were performed with the use of the software package STATA version 12.0 (Stata Corp., College Station, TX, USA).
Data
To be able to monitor the activity and conduct research in the GP sector, DAK-E has defined a database of sentinel GP clinics and their sentinel patients [13] . Sentinel GP clinics are clinics that, on average, coded more than 70 % of their patients for at least 6 months and continued to do so within 1 year. Patients were excluded if they changed to a non-sentinel GP clinic.
We analysed the FFS expenditures of GP care for 139,527 sentinel patients who were representative of Danish GP patients and were registered and received services in 59 sentinel GP clinics in 2010. Our analysis combined several data sets: (1) the Danish General Practice Database (DAMD), which includes data (such as the ICPC-2 diagnosis and use of GP services from the National Health Insurance Service Registry) linked to the patient's personal identification number [34] ; (2) ACGs with similar expenditures grouped by resource utilisation band (RUB); (3) the tariff agreement on GP services between the PLO and the Association of Danish Regions.
ACGs were grouped into one of six different RUBs to reduce the number of homogeneous categories [22] . RUB 0 indicates little or no need, whereas RUB 5 indicates a very large need for resources. Recent studies confirmed that there is a relationship between RUBs and actual costs in primary care [3, 8, 11, 35, 36] .
The tariff agreement on GP services and the National Health Service disbursement codes were used to calculate and map service expenditure data for each patient in 2010. Thus, we were able to identify the GP expenditures of primary care patients for 2010. Descriptive sentinel patient and GP clinic characteristics Table 1 contains five subsets of sentinel patient characteristics: non-diagnostic markers, morbidity markers based on RUB, diagnostic markers based on ICPC-2 chapters, diagnostic chapter component markers and volume markers. We describe the 139,527 patients using means, percentiles and prevalence of diagnostic markers. Table 2 shows four subsets of GP clinic characteristics: non-diagnostic characteristics, RUB proportions, ICPC-2 chapter proportions and ICPC-2 chapter component proportions. We portray the 59 sentinel GP clinics using means, standard deviations (SD), coefficients of variation (Cv) and percentiles. Table 3 shows the results of estimating Eq. 2 using the five specifications that include different sets of diagnostic factors. These models are able to explain upwards of 13.3-79.3 % of the variation in the FFS expenditures for primary care patients in sentinel GP clinics, as indicated by the overall R 2 statistic. Model 1 includes demographic case mix adjusters, and models 2-5 differ according to combinations of three sets of morbidity-based case mix 
Results

RUB markers
The inclusion of morbidity-based case mix adjusters (RUBs) in model 2 increased the model's explanatory power from 13.3 to 31.6 %. Overall, FFS expenditures increased progressively with the degree of multimorbidity. The coefficients for the RUBs were all related to the reference group RUB0. The expenditures for patients allocated to RUB1-5 were significantly higher than for patients allocated to RUB0. In models 3-6, the RUB coefficient decreased because of the introduction of additional morbidity characteristics (ICPC-2 chapter and component markers).
Diagnostic markers Models 3-5 include combinations of the two sets of diagnostic markers, 'ICPC-2 Chapter Markers' and 'Chapter
Component Markers', and show high levels of significant explanatory power for each of the markers. The R 2 (overall) statistic increases from 31.6 to 43.7 % (model 3), 37.2 % (model 4) and 44.4 % (model 5). The most expensive diagnostic marker seems to be 'Endocrine/Metabolic and Nutritional' By contrast, the chapter marker 'Eye' appears to be the least expensive. The only insignificant diagnostic marker was 'NEOPLASMS'. These patients are mainly treated for cancer at hospitals.
Volume markers
The inclusion of the number of visits and the number of diagnoses in model 6 increased the explanatory power from 44 to 79.3 % and changed the sign and magnitude of several covariates, and RUB1 and 'INJURIES' became insignificant. The changed signs and magnitude of the beta coefficients in model 6 reflect the fact that some patients' morbidity characteristics are associated with higher or lower FFS expenditure after controlling for the volume of activity. For instance, a 'general and unspecified' marker leads to significantly lower expenditures per patient, and 'Endocrine/Metab.' or 'psychiatric' markers seem to result in larger expenditure per patient. After adjusting for the patient characteristics, the rho statistic in Table 3 indicated that GP clinic characteristics explained 3.8-9.4 % of the remaining variation in patient expenditures.
Pairwise likelihood ratio tests of all combinations of the nested models (1-6) rejected all special cases in favour of model 6. In addition, model 6 was the model with the smallest AIC value.
Variation in GP clinic fixed effects due to GP clinic characteristics (stage 2) Table 4 : In all five models, the number of physicians was significant in explaining why FFS expenditures per patient differ from one GP clinic to another.
A higher number of physicians lead to more expenditures per patient. This finding suggests that larger clinics have larger expenditures per patient. It is also evident that expenditures did not vary from one clinic to another because of differences in the average physician age. A higher average physician age did not lead to more expenditures per patient, which results in more revenue in each clinic. Models 6A-6E show that these results were robust to different combinations of covariates. Model 6B and 6C indicate that a larger proportion of young patients (0-18) imply lower expenditure per patient. In models 6D-6E, however, this significance was transferred to ICPC-2 chapter proportions (A-Z) or ICPC-2 chapter component proportions because of the introduction of more covariates. Models 6D to 6E indicate that some of these proportions of clinic morbidity characteristics are significant in explaining FFS variation across GP clinic patients. In model 6D, the proportion of patients with a digestive disorder is significant in explaining the variation in FFS expenditures across GP clinics. Other ICPC-2 chapter proportions such as 'Psychological' (p = 0.111), 'Endocrine/metabolic' (p = 0.108) and 'Pregnancy/childbearing' (p = 0.059) also showed some association, but not at the 5 % level. In model 6E, both the proportion of RUB1 and RUB3 and several proportions of ICPC-2 chapter components were significant expenditure drivers. A higher proportion of patients with digestive disorder symptoms/complaints and infection coding leads to significantly lower expenditures per patient, and a larger proportion of congenital anomalies seems to result in larger expenditures per patient.
Discussion
Association between FFS expenditures and morbidity burden
Danish GP clinics receive a large part (70 %) of their remuneration through FFS. This article analyses the association between this negotiated FFS expenditure component of a mixed remuneration system and the comprehensive measures of patient morbidity. Overall, we found that age, sex, RUBs and morbidity characteristics explained more than 40 % of the variance in FFS expenditures. This figure, when compared with the 13.3 % obtained when only age and sex are used, indicates that morbidity characteristics are powerful when it comes to explaining annual FFS expenditures per patient in Denmark. This limited explanatory power of demographic variables is consistent with the health insurance literature in which age and gender explain little of the individual risk of incurring health expenditures [37] . The multimorbidity case mix index (RUBs) based on the ACG system explained approximately 20 % of the variation. Additional diagnostic markers show that expenditures are driven by morbidity characteristics over and above their RUB classification. The volume of visits and diagnoses increased the explanatory power to 79 %. The significance of the number of visits is consistent with the fact that the standard fee for a visit is by far the most frequently used fee. In model 6 positive beta estimates indicate that services other than visits are supplied to patients. For example, patients with an 'Endocrine/Metab.' or 'psychological' diagnosis still have positive and relatively high coefficients after controlling for number of visits. These results confirm that diabetes patients and psychiatric patients allow for specific and supplementary fees. RUB1 and 'INJURIES' become insignificant after controlling for volume markers. The justification may be that the majority of RUB1 patients and patients with 'INJURIES' visit their GP without having other services than a standard visit. Only 3.8-9.4 % of the variation could be explained by clinic characteristics. Whereas the former result indicates some association between resource use (RUB) and FFS expenditures, the latter indicates that, even if GP clinics manage patients in different ways, clinics may have limited effects on FFS expenditures.
Recently, it was proposed that the FFS tariffs should be reduced in favour of increased per capita fees [14] . This may help to mitigate the possibility that patients are overserved under FFS [9] . However, because of the estimated association between morbidity characteristics and FFS expenditures, as well as this proposal, there is a risk that the relationship between patient resource use (RUB) and GP remuneration is reduced. This risk is supported by recent research suggesting that patients in need of a high level of medical services receive more health benefits under FFS [9] . Finally, in the case of an increased element of capitation, another option might be to differentiate fixed per capita fees according to morbidity characteristics [38] [39] [40] [41] , although increased capitation may lead to increases in the number of underserved patients [9] .
Related English and Danish studies assessing the association between costs and DRGs in hospital departments using patient level data have found an explanatory power of DRGs in the range of 30-60 % [18, 21] . Although it may be problematic to compare across sectors, the present association between FFS remuneration and cost (RUBs) is approximately at the same level.
Other results of interest
To assess the relative roles of GP clinic morbidity characteristics, we have adjusted for the size of the GP clinic, the average physician age, the proportion of female physicians, patient sex and patient age proportions. Using the number of physicians as an indicator of GP clinic size, we found that larger GP clinics tend to have higher expenditures and therefore supply more services per patient. This finding indicates that larger GP clinics are able to organise themselves in a way that increases their service delivery capacity. The latter finding indicates that larger GP clinics may be able to exploit revenue economies [26] . The average physician age was not associated with per patient FFS expenditure. GP clinics with higher or lower average physician age did not have different expenditures per patient. The latter may reflect a small variation in the age of Danish GPs (many are nearing retirement) and related low variability in workload behaviour. The proportion of female physicians and the proportion of younger and older patients showed some significance, although this significance was transferred when increasing numbers of morbidity proportions where controlled for. At the clinic level, a higher proportion of patients with a digestive disorder, symptoms/complaints and infections appears to lead to significantly fewer expenditures for FFS remuneration of patients per clinic. However, a larger proportion of congenital anomalies appears to result in more expenditure for FF remuneration per patient. Altogether, these results indicate that the remuneration for clinics with high or low proportions of these patients may not be adequate. In contrast to a morbidity-based distribution of regional budgets, these results suggest that a higher proportion of some morbidity proportions leads to a relatively lower allocation of resources and, hence, that patients may become underserved. These results could be interpreted as an inappropriate and inefficient allocation of resources in terms of patient morbidity burdens. Thus, our results indicate that it may be desirable to take case mix systems into account in contracts between buying agencies (the Danish regions) and health care providers (GP clinics) to achieve a more rational distribution of resources according to the patients' morbidity status and health care needs [38] . However, case mix-adjusted remuneration may imply negative externalities in terms of strategic coding of diagnoses.
Strengths and weaknesses
The use of patient-level data has allowed us to explore the ways in which patient morbidity measures and related GP clinic characteristics explain politically negotiated FFS expenditures. Patient level analysis makes use of much more information about patients than GP clinic-level analysis. Sentinel GP clinics coding diagnoses for more than 70 % of their patients are preferred for research and monitoring [13] . The current sample of patients was representative of all GP patients. However, the sample of 59 sentinel GP clinics was not representative of Danish GP clinics. In 2010, only a limited number of GPs (3-4 %) coded sufficiently to qualify as sentinel GP clinics. Consequently, the number of clinics for our second-stage analysis was limited. A feature of the included sentinel GP clinics is that they code diagnoses on a voluntary basis. Thus far, no economic incentives have been agreed upon. Nevertheless, it remains possible that the quality of diagnosis coding needs to be improved [42, 43] . Some sentinel GP clinics may not have allocated enough time or resources to learn about the existing and potential benefits of the new system. However, care should be taken when combining clinical diagnoses with economic incentives; the latter may very well distort the coding system [44] .
It could be claimed that the number of diagnoses recorded is a clinic characteristic rather than a patient characteristic because there might be fewer FFS expenditures in clinics where more diagnoses are coded. Within the context of an average 7-10 min consultation, coding is thought to take approximately 30 s per item [45] . However, we assumed that the number of diagnoses recorded is a patient characteristic rather than a clinic characteristic. We argue that physicians in sentinel GP clinics have been trained in coding and that they code more than 70 % of their patients.
The number of visits could also have been considered to be a clinic characteristic rather than a patient characteristic [42] . The reason is that FFS may create an incentive to provide more care than needed and/or affect clinical decision-making [19, 46] . Still, we argue that the number of visits is a patient characteristic rather than an aggregated clinic characteristic.
The log-transformation of expenditures in Eq. 2 was tested. This transformation did not change the magnitude or significance of the results and the interpretation of beta coefficients became less meaningful than expenditures in terms of €. Some clinics have very large proportions of patients who receive an ICPC-2 'A' chapter diagnosis. This variation reflects the fact that contact with GP clinics does not lead to specific diagnoses, for instance, because of variability in coding behaviour and a need for general advice on non-specific complaints [1] . Danish sentinel GP clinics code most chronic diseases such as diabetes and chronic obstructive pulmonary disease in a valid and reliable way [43] . However, our results indicate that sentinel GP clinics code a relatively small number of cancer diagnoses. Most cancer patients only consult their GP regarding other symptoms/conditions and rehabilitation. These contacts are probably coded with a non-specified diagnosis or another specific diagnosis. Thus, cancer patient contacts seem to be 'under-coded'. In contrast to chronic diseases, non-chronic diagnoses and RFEs are coded in a less valid and reliable way [43] .
Conclusion
Morbidity measures were significant patient-related FFS expenditure drivers. The association between FFS expenditure and morbidity burdens appears to be at the same level as similar studies in the hospital sector where fees are based on average costing. However, our results indicate that there may be room for improvement of the association between politically negotiated FFS expenditures and morbidity in primary care.
